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3.6 REPORT OF TifE SUBPANEL ON RESAHFLINC FUNCTIONS 
The resampling f u n c t i o n s  subpanel  met i n  two four-hour s e s s i o n s  on November 18 
and 19 t o  d 2 f i n e  r e sea rch  needs i n  t h i s  area for e a r t h  r e source  obse rva t ion  
systems. The panel  c o n s i s t e d  of: 
Richard Juday 
NASA/ JSC 
Arun Prakash 
Generai Electric 
Allan Nord 
Ball Aerospace 
Henry Muse 
E-Systems Inc. 
Paul Heffner  
NASA/CSFC 
Lee Bender 
us 3s 
S c o t t  cox 
NASA/GSFC 
Robert  H.  Dye 
ER IH 
RJger A .  Holmes 
Sene ra l  Motors I n s t i t u t e  
David Dow 
LASA/NSTL 
Carter Glass 
Goadyear Aerospace 
3.6.1 State of  t h e  A r t  
The s t a t e  o f  current p r a z t i c e  i n  resampling appea r s  l i m i t e d  t o  t h e  use o f  l i n -  
e a r  f i l t e r s ,  u sua l ly  cub ic  convolu t ion  on n e a r e s t  neighbor .  Less f r e q u e n t l y  
used a l t e r n a t i J - s  a r e  b i l i nea r  and l e a s t  squa res  f i l ters .  Neares t  neighbor i s  
u s u a l l y  the  choice  when low c o s t  is impor tan t  o r  when i t  i s  be l i eved  t h a t  o th-  
er metk-du degrade t h e  d a t a .  Resampling f u n c t i o n s  a r e  e s t a b l i s h e d  on incom- 
p l e t e  theory. Cubic convolu t ions ,  fo r  example, is based on a sine func t ion  
b u t  does not employ s t a t i s t i c a l  n o i s e  c h a r a c t e r i s t i c s .  There are s e v e r a l  dif- 
ferent bases  f o r  de te rmining  t h e  cubic! convolu t ion  parameters .  I t  is un- 
settled a s  to t h e  "optimumn set  of parameters .  
Seve ra l  important  p o i n t s  r e l a t e d  t o  resam?ling ;?ere brought  up. The term "re- 
sampling" is not  clearly de f ined .  A m i v e r s a l l y  agreed upon " f i g u r e  o f  mer- 
i tn does not  e x i s t .  Communications between d i s c i p l i n e s  which enter t h e  re- 
sampling problem from d i f f e r e n t  d i r e c t i o n s  a n i  w i t h  d i f f e r e n t  terminology i s  
confused. C u b i c  convolu t ion  can ;lot be used t o  f i l l  image p i x e l  gaps.  The TM 
use8 s p i n e  weights  f o r  t h i s  purpose.  Nonlinezr f i l t e r  t e c h n i q u e ,  qre repor t ed  
i n  t h e  l i t e r a t u r z  b u t  do not  appear  t o  be iised e x t e n s i v e l y  i n  t h e  d i v i l i a n  re- 
mote sens ing  community. 
3.6.2 Ant ic ipa ted  Kcquiremetits 
Improvements i n  t h e  use of  resampling i n  a p p l i c a t i o n s  of remote sens ing  w i l l  
r e q u i r e  development o f  a sound t h e o r e t i c a l  and ph i losoph ica l  b a s i s  predicLted 
on argueable  c o s t ,  e r r o r ,  or b e n e f i t  c r i t e r i a .  Two reasonably  disb.inct a r e a s  
of resampling usage a r e  i d e n t i f i a b l e ,  w i t h  d i f f e r e n t  levels o f  d i f r i c u l t y  i n  
theoretical development. S p a t i a l l y  p e r i o d i c  and cowplete  i n p u t  l a t t i ces  o f  
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sampled p o i n t s  t o  be  resampled t o  p e r i o d i c  o u t p u t  l a t t i c e s  o f  p o i n t  v a l u e s  de- 
s c r i b e s  t h e  more t i d y  a r e a  o f  resampling,  Inpu t  l a t t i c e s  h i c h  a r e  i r r e g u l a r ,  
Inc luding  such phenomena a s  missing p o i n t s ,  missing l ines ,  skew from one l i n e  
s u b s e t  t o  ano the r  (TH extended l i n e  p r o b l e ,  or  HLA sudden yaw o r  p i t c h  prob- 
lem), a t t i t u d e  werp, aqd bow-tie o r  o t h e r  mapping d i s t o r t i o n s  pose a more d i f -  
f i c u l t  a r e a  with s i g n i f i c e n t  o v e r l a p  with r e g i s t r a t i o n  and r e c t i f i c a t i o n  tech-  
n iques .  When such sound bases  a r e  e s t s b l i s h e d ,  t h e  a p p l i c a t i o n s  f i e l d  w i l l  
r e q u i r e  a p o r t a b l e  set  o f  s t a n d a r d  resampling codes f e a t u r i n g  v a r i o u s  known 
levels of a f f o r d a b i l i t y  i n  time and money s a d  well-designed i i n k a g e s  with a r -  
c h i v a l  d a t a  a n n o t a t i o n  b locks .  
%e wide range  o f  p o t e n t i a l  a p p l i c a t i o n s  and expanded needs f a r  resampling 
v e r s a t i l i t y  i n  cew imaging sensors l ema  t o  a concern for c r e a t i n g  s tandard-  
ized tes t  d a t s  sets an: ground t r a i n i n g  sites. ?)le fo l lowing  s t e p s  need t o  b e  
t aken :  a )  We need  t o  deve lop  s y n t h e t i c  d a t a  sets r e l a t e d  t o  s p e c i 3 c  d i s c i -  
p l i n e s .  b) Data sets based on a c t u a l  measurenents  should be t i g h t l y  cor:. 
t r o l l e d  both g e a n e t r i c a l l y  and r a d i a n e t r i c a l l y .  Information concerning t h e  
c r c a t i o n  of t h e  . iata se t  should b e  made u n i v e r s a l l y  o b t a i n a b l e .  For a i r c r a f t  
acquired scanne r  d a t a ,  e x t e n s i v e  pre- and p o s t f l i g h t  p e r f o n a n c e  e v a l u a t i o n 2  
should be und?rtakcn.  c )  Ground t r a i n i n g  s i t e s  used f o r  e v a l u a t i o n  of v a r i -  
ous s e n s o r  t y p e s  and p-ocessing f u n c t i o n s  should b e  e x t e n s i v e l y  mapped and 
photographed. Updates a t  r e a s o n a b l e  i n t e r v a l s  a r e  mandatory. d )  Experim<.rts 
i nvo lv ing  r e g i s t r a t i o n  and r e c t i f i c a t i o n  r e q  i r e  precise geometr ic  and geo- 
d e t i c  c o n t r o l ,  sites should be surveyed t o  p r e s e n t  c a d a s t r a l  s t a n d a r d s .  An- 
c i l l a r y  recorded d a t a  such a s  DTM, s o i l  type ,  e t c .  should be  made a v a i l a b l e  a t  
a g r i 2  s i z e  s m a l l e r  t han  t h e  expected IFOV or spaceborne sccsors. Che o r d e r  
of magnitude smalIcr. is d e s i r a b l e .  
With respect t o  resampling algorit .hms. t h e  p o s s i b i l i t y  exists t o  cons t r t i c t  a 
l i b r a r y  of tested a lgor i thms a v a i l a b l e  from %kSA/Cosrnic o r  an a l t e r n a t e  
source.  I n  p u r s u i t  of t h i s  g o a l ,  s t a n d a r d s  ne'd t o  be developed w i t h  respect 
t o :  a )  t r a n s p a r t a b i l i t y ,  b: documentatioo ( shou ld  i n c l u d e  t,he rnatheqat ical  
b a s i s  of' t h e  algori thm a s  well .?s a thorough d e s c r i p t i o n  o f  t h e  algorit,hm it- 
s e l f ) ,  c )  t e s t  d a t a  se ts ,  and d3 s tandard ized  performance s p e c i f i c a t i o x i .  
3.b.3 Recanmended Research 
Seven r e s e a r c h  a r e a s  were i d e n t i f i e d  by t h e  panel and a r e  d e s c r i b e d  below. 
I.  Perfo.m a s t u d y  r e s e a r c h  t a s k  t a  develop a theo ry  f o r  d e f i n i n g  an i n p u t  
p s f  o f  an ins t rument  such t h a t  upon resampling of  t h e  processed d a t a  in to  t h e  
desired ouLput g r i d  t h e  radiometric and geometric p r o p e r t i e s  a r e  a best es t i -  
mate of  t h e  t rue upwell ing r a d i a n c e s .  Such J t h e o r j  would i n c l u d e  n o i s e ,  d\;- 
sired o u t p u t  p s f  * and appl i ca t io r i  s p e c i f i c  best estimaLe parameter.  
XI. Deve lop  a1Rorittuns f o r  e s t i m a t i n g  missing d a t a  c.r f o r  i gnor ing  miss ipp ,  
, i t l t a .  S u c h  missing a a t a  soiirces t o  b e  considered a r e :  a i  dead d e t e c t o r s  i n  
m u 1  t i s c a n n e r s  ( inc lud i r ig  M I S S ) ,  h ?  scanner  s w e e p  Raps, c j  t ransmisslor?  L:i'op- 
out,s. .Such a l g o r i t h m s  should be c h a r a c t e r i z e d  by t h e i r  e f f e c t .  on t h P  o u t p u t  
imngt? such  t h a t  t h e  c h o i c e  o f  procedure can be  made by t h e  u s e r  f o r  t h e  a p p l i -  
c a t i o n  beir,g cons idered .  
111. Per.f.orm a s t u d y  on optimp1 resamplins  f u n c t i o n s .  'Ihese optimal  func- 
t i o n s  may be a p p l i c a t i o n  s p x i f i z  o r  d e t e r m i n e d  for:  a)  r a d i o m z t r i c  accuracy ,  
b )  geometr ic  f i d e l i t y ,  c! s p a t i a l  f e a t u r e  enhancement and e x t r a c t i o n .  Ques- 
t i o n s  to  be  addressed  i n c l u d e  t h e  n a t u r e  of d a t a  c h a r a c t e r i s t i c s  which permi t  
such  o p t i m a l i t y  and what kind of t rade-of fs  are made between t h e  d i f f e r e n t  
k i n d s  of op t ima l  f i l t e r  and under  what c o n d i t i o n s  can  a n  op t ima l  f i l t e r  be  de- 
s igned  t o  be  optimal for both radiometric accuracy  and geometric f i d e l i t y .  
I V .  S tandard Data Sets. The choice of  a resampling f u n c t i o n  i s  problem de- 
pendent.. For a complex problem, t h e  s p e c i f i c  e f fec ts  of e g iven  resampl ing  
f u n c t i o n  cannot  be p r e d i c t e d  by pencil-ana-paper methods. As a r e s u l t ,  a 
two-stage s i m u l a t i o n  w i t h  s t a n d a r d  d a t a  sets is recommended. 3 0 t h  real  and 
s y n t h e t i c  d a t a  sets are requ i r ed  because  t h e r e  are r e a l l y  two fu t l c t ions  t o  be 
performed. The s y n t h e t i c  d a t a  s e t  can  be used t o  s t u d y  t h e  behavior cf v a r i -  
o u s  resamplers  on c o n t r o l l e d  d a t a .  We c a n  d e r i v e  v a r i o u s  f i g u r e s  of  merit for  
comparing f i l t e r  performance and add control led amounts of n o i s e  t o  s t u d y  
noiLe-re jec t ion  performance. S y n t h e t i c  d a t a  e x h i b i t s  t h e  fo l lowing  p r o p e r t i e s :  
( a )  a b i l i t y  t o  c o n t r o l  d imens iona l i ty ,  ( b )  power s p e c t r a l  d e n s i t y ,  ( c )  t y p e  
and magnitude of n o i s e ,  and ( d )  f e a t u r e s ,  etc. An a u t h e n t i c  d a t a  set is 
needed t o  g i v e  t h e  f i n a l  l e v e l  o f  c r e d i b i l i t y  t o  t h e  resampler performance. 
Real d a t a  is e s s e n t i a l  t o  uncover phenomena which cannot  be a n t i c i p a t e d  by a r -  
t i f i c a l l y  c o n t r i v e d  data .  Real data should  r e p r e s e n t  t h e  problerr, ("Typical" 
s c e n e  o r  even "worst-cast" s c e n e ) .  The s y n t h e t i c  d a t a  s e t  l e n d s  i t se l f  well 
t o  de termining  q u a n t i t a t i v e ,  c o n t r o l l e d  performance measures.  The r e a l - d a t a  
s e t  1enc:s itself t o  q u a l i t a t i v e  ( v i s u a l )  comparison and d i scove ry  of gross 
processing a r t  i f a c t s  . 
V. The l eas t  s q u a r e s  resampler  developed by Dye should  be  f u r t h e r  developed 
and t e s t e d .  Cost b e n e f i t  a n a l y s e s  must a l s o  be done and clear d e f i n i t i o n s  of 
of a p p l i c a b i l i t y  and l i m i t a t i o n s .  
V I .  There is a need f o r  merit f u n c t i o n s  for a s s e s s i n g  resampl ing  techniques .  
Various numbers and/or  f u n c t i o n s  have been proposed a s  measures of goodness of 
resampling ope ra t ions .  Confusion exists r ega rd ing  t h e  r e l a t i o n s h i p s  between 
them and what they  measure. People  expect that, d i f f e r e n t  end users w i l l  need 
t o  op t imize  d l f f e r e n t  f igures  of merit, b u t  a r e n ' t  q u i t e  s u r e  which.  The re- 
s e a r c h  approach would: a )  L i s t  and d e f i n e  a l l  c a n d i d a t e  merit f u n c t i o n s .  
Perform theo re t i ca l  a n a l y s i s  t o  f i n d  t h e  r e l a t i o n s h i p  between them and what 
in format ion  t h e y  convey. b)  Survey u s e r s  i n  v a r i o u s  d i s c i p l i n e s  t o  see w h i c h  
merit f u n c t i o n s  look most u s e f u l  t o  each. c )  Compute a l l  promising merit  
f u n c t i o n s  f o r  one o r  two examples of resampling.  Focus on  e x p l o r i n g  t h e  merit. 
f u n c t i o n s ,  n o t  t h e  r e s a p l i n g .  
VII .  De!elop a benign resampling a lgor i thm.  P r e s e n t  " A  t o  P" convers ion  for  
Landsat  D Imagery i n t r o d u c e s  problems i n  t h e  "P1' d a t a  t h a t  makes some u s e r s  
under take  t h e  conver,sion themselves ,  or  w i s h  t h e y  c o u l d .  Nodern p i p e l i n e  pro- 
cessors may make some s o r t  of A t o  P convers ion  s t r o n g l y  a t t r a c t i v e ,  provided 
t h a t  a k e r n a l  can be found which does n o t  :mag? t h e  d a t a  unacceptab ly .  He- 
search should b e  undertaken t o  a n a l y z e  resampling a l t h o r i t h m s  to f i n d  ones  
which  r e t 3 i n  n e a r l y  a l l  of the q u a l i t y  of t h e  d a t a  o r i g i n a l l y  col lected w h i l e  
do ing  rubber  sheet resampling p l u s  f i l l i n g  smal l  f i x e d  gaps.  Charac t e r i ze  i t  
i n  terms d f  s u i t a b l e  merit f u n c t i o n s .  Design algori thms t o  h e  Implemented i n  
f a s t  hardwired processor. D e m o n s t r ~ t e  f e a s i b i l i t y  on real d a t a .  
